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ABSTRACT
Context. Open clusters are key tools to study the spatial distribution of abundances in the disk and their evolution with time.
Aims. Using the first release of stellar parameters and abundances of the Gaia-ESO Survey, we analyse the chemical properties of
stars in three old/intermediate-age open clusters, namely NGC 6705, NGC 4815, and Trumpler 20, all located in the inner part of
the Galactic disk at Galactocentric radius RGC ∼7 kpc, aiming at proving their homogeneity and at comparing them with the field
population.
Methods. We study the abundance ratios of elements belonging to two different nucleosynthetic channels: α-elements and iron-
peak elements. For each element we analyse the internal chemical homogeneity of cluster members and we compare the cumulative
distributions of cluster abundance ratios with those of solar neighbourhood turn-off stars and of inner-disk/bulge giants. We compare
the abundance ratios of field and cluster stars with two chemical evolution models that predict different α-enhancement dependences
on the Galactocentric distance due to different assumptions on the infall and star formation rates.
Results. The main results can be summarised as follows: i) cluster members are chemically homogeneous within 3-σ in all analysed
elements; ii) the three clusters have comparable [El/Fe] patters within ∼1-σ, but they differ in their global metal content [El/H], with
NGC 4815 having the lowest metallicity. Their [El/Fe] ratios show differences and analogies with those of the field population, both
in the solar neighbourhood and in the bulge/inner disk; iii) comparing the abundance ratios with the results of two chemical evolution
models and with field star abundance distributions, we find that the abundance ratios of Mg, Ni, Ca in NGC 6705 might require an
inner birthplace, implying a subsequent variation of its RGC during its lifetime, consistent with previous orbit determination.
Conclusions. Using the results of the first internal data release, we show the potential of the Gaia-ESO Survey, through a homogeneous
and detailed analysis of the cluster versus field populations, to reveal the chemical structure of our Galaxy using a completely uniform
analysis of different populations. We verify that the Gaia-ESO Survey data are able to identify the unique chemical properties of each
cluster, pinpointing the composition of the interstellar medium at the epoch and place of formation. The full dataset of the Gaia-ESO
Survey will be a superlative tool to constrain the chemical evolution of our Galaxy by disentangling different formation and evolution
scenarios.
Key words. Galaxy: abundances, disk, open clusters and associations: general and individual
1
ar
X
iv
:1
31
2.
64
72
v1
  [
as
tro
-p
h.G
A]
  2
3 D
ec
 20
13
1. Introduction
Open clusters are very useful tracers of the processes of forma-
tion and evolution of our Galaxy. They are a disc population lo-
cated from the inner parts of the disk to its outskirts, and with
ages spanning from few Myr for recently formed clusters to sev-
eral Gyr for old clusters (see, e.g., Dias et al., 2002; Dias et al.,
2012). The population of young open clusters has a small scale
height above the Galactic plane (∼60 pc), while old open clusters
reach higher altitudes ∼350 pc (Chen et al. 2003), thus being all
presumably part of the thin component of the disk. Kinematics
of open clusters, both in terms of rotation and velocity disper-
sions, are also consistent with association with the thin disk of
the Galaxy (Scott et al. 1995; Wu et al. 2009). In addition, also
form a chemical point of view, the roughly solar abundance ra-
tios of open clusters further supports to an association with the
thin disk.
Their ages and distances can be derived from colour-
magnitude diagrams, obtained via photometric studies, making
them a perfect instrument to investigate the temporal changes in
the spatial distribution of abundances (e.g., Magrini et al. 2009,
Yong et al., 2012).
In the framework of the study of cluster population, the Gaia-
ESO Survey (Gilmore et al. 2012, Randich & Gilmore 2012),
together with other spectroscopic surveys observing open clus-
ters, such as the Apache Point Observatory Galactic Evolution
Experiment (APOGEE, Allende-Prieto et al. 2008), is allowing
us to study a large number of young, intermediate-age, and old
open clusters. Within the APOGEE project, the Open Cluster
Chemical Analysis and Mapping (OCCAM) survey aims to pro-
duce a comprehensive, uniform, infrared-based data set for hun-
dreds of open clusters, and constrain key Galactic dynamical and
chemical parameters from this sample. A first contribution to the
OCCAM project has been recently published by Frinchaboy et
al. (2013) that presented the analysis of 141 members stars in
28 open clusters. This new dataset allowed them to revise the
Galactic metallicity gradient.
In particular, old and intermediate-age clusters are rare fos-
sils of the past star formation history of the Galactic disk.
Apparently, the old open clusters observed at present time with
ages over ∼1 Gyr have survived because of their peculiar initial
characteristics, such as their larger than average mass, higher
central concentration, and orbits that allow them to avoid the
disruptive influence of the giant molecular clouds (Friel 1995;
Janes & Phelps 1994; Bonatto et al. 2006). This might introduce
possible differences in chemical composition between field and
cluster stars presently observed at the same Galactocentric ra-
dius, since both might have moved from their place of birth, but
in different ways.
The majority of stars born in open clusters were indeed dis-
persed into the Galaxy field in a relatively short time, i.e., within
the first Gyr from their formation (see, e.g., Janes & Phelps
1994; Lada & Lada 2003; Gieles et al. 2006). This phenomenon
is more rapid in the inner disk where the density of stars is higher
(Freeman 1970; van der Kruit 2002). Thus the existence of sev-
eral old and intermediate-age open clusters within the Solar cir-
cle (RGC <8 kpc), such as those observed during the first periods
of observation of the Gaia-ESO Survey, offers a unique oppor-
Send offprint requests to: L. Magrini
? Based on observations collected with the FLAMES spectrograph at
VLT/UT2 telescope (Paranal Observatory, ESO, Chile), for the Gaia-
ESO Large Public Survey (188.B-3002).
tunity to study the evolution of the disk in a region so far little
explored.
Specifically, this study focuses on detailed and homoge-
neously obtained chemical abundance patterns of different pop-
ulations, that offer valuable clues in the interpretation of the
Galactic history. We refer to the paper of Jacobson et al. (in
prep.) for a discussion of the spatial distribution of the global
metallicity and its implications for the radial Galactic metallic-
ity gradient.
As a first approximation, we expect the abundances of open
clusters to match those of the field stars at similar Galactocentric
distances, but observations are revealing differences (see, e.g.,
Yong et al. 2005, 2012; De Silva et al. 2007) and these differ-
ences contain important information about, e.g., the place where
the open clusters were born, the homogeneity of the disk at any
RGC at the epoch when the cluster formed, etc..
More in details, studies that compare field and cluster popu-
lations were tackled by several authors in the past. For example,
De Silva et al. (2007) analysed the chemical pattern of the inner
old open cluster Collinder 261, comparing its abundance ratios
with those of Cepheid stars and of field stars. They found re-
markable differences for some elements, such as Na, Mg, Si,
and Ba. They claimed that the differences are a signature of
the local inhomogeneities at the time and site of cluster for-
mation. Other examples can be found in the works of Yong et
al. (2005, 2012) and of Sestito et al. (2008), who studied open
clusters located at RGC >13 kpc. They compared the chemical
properties of several outer disk open clusters with those of stel-
lar clusters located in the disk within RGC <13 kpc, with other
stellar tracers located in the outer disk, such as red giant stars,
Cepheids, and the solar neighbourhood stars. They found that
the behaviour of α-elements is not exactly the same in all their
clusters, but that it is on average similar to that of solar neigh-
bourhood stars. They concluded that the primary difference be-
tween solar neighbourhood and outer disk is that the chemical
enrichment in the outer disk did not yet reach the metallicities of
the solar neighbourhood, but the contribution of the two nucle-
osynthetic channels, SNII and SNIa, appear to have been simi-
lar. However, the conclusions of these works are usually based
on heterogeneous samples including literature and authors’ own
results. Heterogeneous samples might mask genuine abundance
differences and/or artificially induce (or amplify) abundance dif-
ferences between otherwise chemically similar populations. The
different effects are driven by the size of the samples and by the
elements considered.
In this framework the Gaia-ESO Survey data, with its uni-
form data-set and its homogeneous analysis, will allow, for the
first time, a comparison of different populations on a footing not
possible before.
As an initial step in this direction, the first data release of the
Gaia-ESO Survey, including the first six months of observations,
allows us to analyse in detail the chemical composition of three
old and intermediate-age open clusters located in the very inner
disk (NGC 6705, NGC 4815, and Trumpler 20), and to compare
them with the field population in the solar neighbourhood and
with evolved stars located in the inner-disk/bulge.
The present paper is structured as follows: In Sec. 2 we
briefly describe the Gaia-ESO Survey. In Sec.3 we present the
properties and membership of the first three old/intermediate-
age clusters observed by the Gaia-ESO Survey. In Sec. 4 we
summarise the target selection strategy for field stars. In Sec. 5
we check the quality of the analysis of cluster stars and we anal-
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yse the abundance patterns of the three open cluster and compare
them to the field population, whereas in Sec. 6 we speculate on
the origin of their abundance ratios. In Sec. 7 we give our sum-
mary.
2. The Gaia-ESO Survey and its first data release
The Gaia-ESO Survey is a large, public spectroscopic survey
started at the end of 2011 that is employing the VLT FLAMES
(Pasquini et al. 2002) instrument to obtain high quality spec-
troscopy of ∼105 stars in our Galaxy. The observed stars belong
to well defined samples and are selected making use of several
photometric databases such as the VISTA Hemisphere Survey
(VHS) (McMahon 2012), the Two Micron All Sky Survey
(2MASS, Skrutskie et al. 2006) and a variety of photometric sur-
veys of open clusters. The focus of the Gaia-ESO Survey is to
quantify the kinematical and chemical element abundance dis-
tributions in the different components of the Milky Way: bulge,
thin and thick disks, halo, and about a hundred open clusters
spanning a large range of ages, distances, and masses. A gen-
eral description of the Survey can be found in Gilmore et al. (in
prep.) and Randich et al. (in prep.).
In the present work we discuss results of the analysis of
UVES (Dekker et al. 2000) spectra of F-G-K stars. This analysis
is described in details in Smiljanic et al. (in prep.). We briefly
review how recommended parameters are computed. The rec-
ommended parameters are obtained combining the results of dif-
ferent nodes considering first the accuracy of each node judged
using a sample of calibration stars with well-known stellar pa-
rameters, called benchmark stars, as reference (see Jofre et al.
(2013a,b)). Among the benchmark stars, there are stars having
stellar parameters comparable to that of the stars discussed in
the present paper, as, e.g., ξ Hya.
The different approaches of the nodes con be summarised as
follows: i) nodes that employ the equivalent width (EW) analy-
sis, obtaining EWs form the observed spectra. The atmospheric
parameter determination is based on the excitation and ionisa-
tion balance of iron lines; ii) spectrum synthesis methods that
derive the atmospheric parameters from a χ2 fit to observed spec-
tra. In some cases the computation of EWs from best-matching
synthetic spectra is used to derive the individual element abun-
dances; iii) multi-linear regression methods that simultaneously
determine the stellar parameters of an observed spectrum by the
projection of the spectrum onto vector functions, constructed as
an optimal linear combination of the local synthetic spectra.
The nodes using the EW method are eight, while the remain-
ing five nodes adopt different approaches to the spectral synthe-
sis. Details on the individual node techniques are in Smiljanic et
al. (in prep.).
Further consistency tests are conducted using the calibration
clusters and other calibration targets, such as, e.g., the glob-
ular clusters NGC1851 and NGC2808, for which the nodes’
and recommended parameters were compared with PARSEC
isochrones in the Te f f vs. log g plane finding a good agreement,
and the CoRoT (COnvection ROtation and planetary Transits,
Baglin et al. 2006) giant stars. Then the parts of the parameter
space where a given node under-performs are identified1
Finally, the median value of the validated results is adopted
as the recommended value of that parameter. For the cluster stars
1 Nodes that cannot analyse the benchmark stars and reproduce their
atmospheric parameters (Te f f and log g) within 150 K and 0.30 dex,
respectively, are disregarded.
discussed in the present paper, the recommended values are typi-
cally derived using the results of 8-10 nodes. For the solar neigh-
bourhood stars and the inner-disk/bulge stars the parameters are,
on average, determined using the results of nine nodes.
The uncertainties are taken to be the method-to-method dis-
persions. Once the recommended values of the atmospheric
parameters of all stars are defined, the spectroscopic analy-
sis proceeds to its second step, the determination of elemental
abundances. The nodes use the recommended parameters to re-
compute elemental abundances, and the median values of the
resulting abundances are the final recommended best values.
We emphasise here that cluster and field stars are analysed
in a completely homogeneous way. Parameters and abundances
for stars observed during the first six months have been deliv-
ered within the Gaia-ESO Survey consortium in an internal Data
Release (GESviDR1Final), which includes abundances of FeI,
FeII, NiI, CrI, TiI, TiII, SiI, CaI, MgI, NaI, AlI, ZnI, YII, ZrII,
CeII. Unfortunately, the abundances of neutron capture elements
are available only for a small sub-sample of stars, and thus they
are not discussed in the present paper. The recommended val-
ues are used in the rest of the paper. In particular, we use the
abundances derived with the recommended parameters, includ-
ing those of iron (computed considering only Fe I lines). The
Gaia-ESO survey abundances are scaled to the solar abundances
of Grevesse et al. (2007). The errors on [Fe/H] are compara-
ble among the different samples of solar-neighbourhood stars,
inner disk stars, and intermediate-age cluster stars discussed in
the present paper, with cool stars having in general higher errors
both in cluster and Milky Way stars. Typical errors are of the or-
der of 0.1 dex, and they become ∼0.2 dex for several stars cooler
than ∼4500 K.
3. The old and intermediate-age clusters in DR1
Three old and intermediate-age open clusters were observed and
analysed in DR 1: NGC 6705, NGC4815, and Trumpler 20. They
are all located within the Solar circle in a region still poorly
investigated but of great importance for our understanding of
the mechanisms of disk/bulge formation. Being close to the
Galactic centre (see Table 1), the three clusters might suffer from
strong tidal effects, as well as frequent interactions with molec-
ular clouds, and thus they can provide important constraints to
the cluster survival in a ’hostile’ environment (see, e.g., Janes
& Phelps 1994; Lada & Lada 2003; Gieles et al. 2006). They
might also probe a key issue to understand the mechanism of
Galaxy formation and evolution, i.e., the radial metallicity gradi-
ent, which was the subject of a number of studies in past decades
using open clusters as tracers (see, e.g., Janes 1979; Panagia &
Tosi 1981; Friel 1995; Twarog et al. 1997; Carraro et al. 1998;
Bragaglia & Tosi 2006; Sestito et al. 2006, 2007, 2008; Magrini
et al. 2009; Pancino et al. 2010; Andreuzzi et al. 2011; Jacobson
et al. 2011). The first results from the Gaia-ESO Survey are help-
ing to shed light on the radial metallicity gradient in the very in-
ner part of the disk, a region still poorly investigated (Jacobson
et al. in prep.). Stars observed in the three clusters were se-
lected on the basis of their colour-magnitude diagrams: targets
for GIRAFFE were mainly main-sequence stars, while targets
for UVES were evolved stars belonging to the red clump. More
details on the target selection can be found in Bragaglia et al.
(in prep.) and the papers on individual clusters, as, e.g., Donati
et al. (in prep.) for Trumpler 20 and Friel et al. (in prep.) for
NGC 4815.
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In the present paper, we show the results of [Fe/H] and abun-
dance ratios of member stars of the three clusters presented
above and observed with UVES. The membership has been de-
rived using the information on the radial velocities measured in
the Gaia-ESO Survey spectra in the paper of Donati et al. (in
prep) for Trumpler 20, in Friel et al. (in prep.) for NGC 4815,
and in Cantat-Gaudin et al. (in prep.) for NGC 6705. Briefly, the
radial velocities are firstly used to identify the systemic velocity
of the cluster, and then to remove stars beyond a certain σ level
from the median velocity to separate cluster member stars from
the field.
The cluster parameters are summarised in Table 1, where
we show the names of the clusters, their coordinates (equatorial
and Galactic), the reddening E(B-V), the age in Gyr, the turn-
off (TO) mass in solar masses, the distance from the Sun, the
Galactocentric distance, and the height from the Galactic plane
in kpc, the metallicity, [Fe/H], and the number of members anal-
ysed. For a discussion and comparison with literature values of
the three clusters we refer to the papers of Donati et al. (2013),
Friel et al. (in prep.), and Cantat-Gaudin et al. (in prep.).
4. UVES observations of field stars in DR1
To compare the abundance ratios of the different populations of
the Milky Way and of open clusters in a fully homogeneous way,
we have considered the results in GESviDR1Final for the Milky
Way field stars. These stars belong to two samples: the solar
neighbourhood sample and the bulge/inner disk sample. For a
complete description about how these samples are defined we
refer to Gilmore et al. (in prep.).
The solar neighbourhood sample The observation criteria for
the UVES stars aim at including the three major solar neighbour-
hood population groups (halo, thick disk, old thin disk). They are
designed to obtain an unbiased sample of ∼5000 G-stars within
2 kpc from the Sun. The purpose of this sample is to quantify in
detail the local elemental abundance distribution functions. The
sample used for the present work includes 390 stars, and corre-
sponds to the Milky Way turn-off (TO) stars with recommended
parameters in GESviDR1Final.
The bulge and inner disk The UVES stars observed together
with the GIRAFFE stars dedicated to the study of Galactic bulge
are expected to be evolved stars belonging to both bulge and in-
ner disk populations. The prime targets of the GIRAFFE obser-
vations are K giants, including the red clump stars, with typical
magnitude I =15. The brighter K giant stars in the same fields
are the targets of UVES, and they allow sampling bulge and in-
ner Galaxy populations. During the first six months of the Gaia-
ESO Survey, 32 stars of the bulge/inner-disk were observed and
are included in the present discussion.
5. The abundance patterns of open clusters
The first step of our analysis is thus to check if the abundance
ratios in each clusters are independent of the stellar parameters.
To derive the abundance ratios we use the iron abundance com-
puted by the nodes with the recommended stellar parameters.
In Table 2 we present the ids, the radial velocities, the recom-
mended values of stellar parameters (Te f f , log g and ξ) with
their errors and the elemental abundance with their error (ex-
pressed in the logarithmic form A(El)=12+log(El/H)) for mem-
bers in open clusters. As anticipated in Sec. 2, the uncertainties
on the stellar parameters (Te f f , log g, ξ and [Fe/H]) in DR 1
are the method-to-method dispersions. For Fe I two errors are
given: the method-to-method dispersion (σ (FeI), in column 6)
computed in the calculation of the recommended atmospheric
parameters, and the node-to-node dispersion in A(FeI) of abun-
dances re-computed with the recommended parameters (the er-
ror on [Fe/H] presented in column 5).
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Table 1. Clusters’ parameters.
Name α δ l b E(B-V) Age TO mass D RGC d [Fe/H] N.of members
J2000.0 (deg) (deg) (Gyr) (M) (kpc) (kpc)
NGC6705a 18:51:05 -06:16:12 27.31 -2.78 0.43 0.30±0.05 ∼3 1.9 6.3 +0.14±0.06 21
Trumpler20b 12:39:32 -60:37:36 301.48 2.22 0.33 1.50±0.15 ∼1.8 2.4 6.88 +0.17±0.05 13
NGC4815c 12:57:59 -64:57:36 303.63 -2.10 0.72 0.57±0.07 ∼2.5 2.5 6.9 +0.03±0.05 5
a– NGC 6705 parameters from Cantat-Gaudin et al. (in prep.). b– Trumpler 20 parameters from Donati et al. (in prep.). c– NGC 4815 parameters
from Friel et al. (in prep.). d– computed with R=8 kpc.
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Table 2. Stellar parameters and abundance for member stars.
Id Te f f log g ξ A(FeI) σ (FeI) A(FeII) A(MgI) A(SiI) A(CaI) A(TiI) A(CrI) A(NiI)
K km s−1
12391577-6034406 4849±41 2.86±0.13 1.27±0.11 7.50±0.03 0.06 7.46±0.05 7.67±0.09 7.54±0.05 6.38±0.05 4.91±0.02 5.66±0.07 6.18±0.03
12392585-6038279 5034±106 3.12±0.31 1.25±0.1 7.66±0.01 0.08 7.64±0.07 7.79±0.06 7.70±0.04 6.46±0.01 5.04±0.02 5.81±0.03 6.37±0.01
12392700-6036053 4800±77 2.80±0.24 1.29±0.1 7.60±0.03 0.07 7.57±0.04 7.72±0.02 7.63±0.06 6.38±0.04 4.91±0.03 5.67±0.02 6.34±0.04
12393132-6039422 4954±64 3.07±0.15 1.20±0.22 7.64±0.02 0.05 7.67±0.06 7.75±0.02 7.68±0.04 6.47±0.05 5.01±0.03 5.76±0.06 6.37±0.02
12393782-6039051 4909±129 2.80±0.21 1.30±0.16 7.61±0.04 0.12 7.62±0.06 7.75±0.06 7.66±0.04 6.42±0.04 4.97±0.01 5.71±0.02 6.32±0.02
12394419-6034412 4941±90 2.88±0.23 1.25±0.06 7.66±0.04 0.07 7.67±0.03 7.75±0.04 7.64±0.05 6.50±0.03 5.03±0.02 5.76±0.03 6.38±0.01
12394475-6038339 4850±112 2.75±0.22 1.38±0.08 7.58±0.02 0.05 7.62±0.06 7.75±0.04 7.66±0.02 6.39±0.02 4.93±0.04 5.71±0.04 6.32±0.02
12394596-6038389 4912±118 2.87±0.21 1.27±0.15 7.63±0.03 0.06 7.64±0.04 7.72±0.05 7.63±0.04 6.44±0.07 4.94±0.02 5.71±0.01 6.34±0.04
12394690-6033540 4968±77 3.03±0.1 1.14±0.14 7.70±0.04 0.11 7.69±0.04 7.79±0.04 7.70±0.05 6.47±0.04 5.01±0.01 5.76±0.03 6.42±0.02
12394742-6038411 4900±100 2.73±0.23 1.21±0.15 7.62±0.04 0.05 7.59±0.02 7.75±0.04 7.70±0.02 6.43±0.04 4.94±0.01 5.73±0.03 6.32±0.03
12395426-6038369 4925±100 2.98±0.13 1.36±0.04 7.63±0.02 0.07 7.66±0.08 7.74±0.05 7.67±0.04 6.42±0.03 5.01±0.02 5.72±0.06 6.37±0.02
12395975-6035072 4850±87 2.79±0.19 1.29±0.11 7.62±0.03 0.07 7.61±0.08 7.74±0.06 7.67±0.03 6.42±0.03 4.92±0.03 5.69±0.03 6.31±0.02
12400278-6041192 4932±67 2.98±0.11 1.37±0.05 7.58±0.02 0.10 7.61±0.07 7.71±0.07 7.66±0.03 6.42±0.03 4.96±0.03 5.71±0.07 6.32±0.04
12572442-6455173 4198±88 1.56±0.37 1.37±0.05 7.48±0.03 0.07 7.53±0.03 7.85±0.04 7.6 ±0.1 6.23±0.07 4.66±0.03 5.5 ±0.01 6.2 ±0.04
12574328-6457386 4895±40 2.40±0.13 1.73±0.14 7.45±0.02 0.08 7.46±0.05 7.68±0.1 7.47±0.05 6.29±0.05 4.75±0.03 5.54±0.03 6.13±0.04
12575511-6458483 4870±84 2.55±0.47 1.43±0.24 7.51±0.01 0.07 7.55±0.06 7.78±0.07 7.5 ±0.01 6.32±0.02 4.8 ±0.03 5.56±0.07 6.18±0.08
12575529-6456536 5068±73 2.79±0.25 1.15±0.12 7.42±0.01 0.09 7.42±0.03 7.53±0.16 7.42±0.05 6.22±0.03 4.77±0.02 5.44±0.07 6.11±0.05
12580262-6456492 4926±77 2.57±0.08 1.53±0.14 7.56±0.02 0.06 7.55±0.04 7.69±0.17 7.62±0.04 6.37±0.05 4.91±0.02 5.6 ±0.05 6.23±0.01
18503724-0614364 4820±71 2.42±0.21 1.82±0.13 7.47±0.02 0.14 7.54±0.08 7.78±0.09 7.62±0.05 6.3 ±0.07 4.83±0.0 5.62±0.04 6.21±0.07
18504737-0617184 4325±130 1.72±0.29 1.56±0.16 7.54±0.04 0.15 7.54±0.16 7.85±0.03 7.63±0.08 6.35±0.05 4.87±0.05 5.64±0.04 6.3 ±0.01
18505494-0616182 4689±109 2.37±0.43 1.46±0.12 7.58±0.01 0.09 7.6 ±0.1 7.8 ±0.03 7.71±0.03 6.42±0.04 5.01±0.06 5.75±0.09 6.38±0.02
18505581-0618148 4577±139 2.23±0.31 1.60±0.24 7.69±0.03 0.18 7.61±0.08 7.89±0.08 7.8 ±0.05 6.49±0.02 5.16±0.04 5.8 ±0.09 6.49±0.01
18505755-0613461 4873±114 2.37±0.32 1.33±0.19 7.53±0.04 0.14 7.38±0.01 7.71±0.04 7.66±0.04 6.46±0.1 4.87±0.07 5.59±0.03 6.21±0.15
18505944-0612435 4925±177 2.56±0.39 1.50±0.5 7.66±0.05 0.18 7.68±0.07 7.88±0.12 7.68±0.06 6.42±0.12 5.01±0.04 5.79±0.07 6.4 ±0.05
18510023-0616594 4433±95 1.94±0.47 1.50±0.14 7.63±0.02 0.12 7.58±0.13 7.91±0.1 7.71±0.13 6.42±0.02 5.05±0.02 5.75±0.07 6.45±0.01
18510032-0617183 4850±100 2.38±0.21 1.60±0.33 7.55±0.03 0.15 7.55±0.09 7.84±0.1 7.63±0.06 6.43±0.08 4.94±0.03 5.68±0.02 6.31±0.04
18510200-0617265 4415±87 2.35±0.45 1.48±0.07 7.7 ±0.02 0.14 7.82±0.1 7.94±0.08 7.78±0.06 6.48±0.01 5.03±0.02 5.7 ±0.02 6.47±0.02
18510289-0615301 4750±112 2.40±0.28 1.45±0.13 7.55±0.01 0.07 7.53±0.08 7.76±0.11 7.66±0.06 6.44±0.06 5.02±0.02 5.73±0.06 6.32±0.04
18510341-0616202 4975±146 2.50±0.3 1.94±0.27 7.59±0.07 0.15 7.46±0.07 7.97±0.06 7.58±0.07 6.42±0.07 5.15±0.02 5.75±0.06 6.31±0.0
18510358-0616112 4832±79 2.31±0.31 1.62±0.19 7.59±0.01 0.08 7.62±0.11 7.79±0.06 7.72±0.08 6.44±0.01 4.98±0.05 5.68±0.02 6.36±0.02
18510786-0617119 4768±53 2.11±0.19 1.80±0.28 7.53±0.01 0.14 7.49±0.04 8.03±0.01 7.67±0.11 6.45±0.02 5.0 ±0.01 5.72±0.06 6.29±0.03
18510833-0616532 4750±112 2.25±0.22 1.60±0.25 7.66±0.05 0.10 7.62±0.04 7.93±0.1 7.66±0.07 6.45±0.02 4.96±0.02 5.78±0.12 6.44±0.02
18511013-0615486 4439±59 1.87±0.53 1.50±0.1 7.53±0.02 0.12 7.51±0.09 7.84±0.1 7.66±0.08 6.35±0.01 4.82±0.05 5.6 ±0.03 6.34±0.04
18511048-0615470 4744±122 2.12±0.33 1.70±0.3 7.55±0.05 0.14 7.53±0.11 8.02±0.03 7.58±0.18 6.41±0.06 4.98±0.04 5.71±0.01 6.31±0.01
18511452-0616551 4800±59 2.40±0.25 1.69±0.2 7.6 ±0.08 0.08 7.63±0.04 7.83±0.28 7.72±0.08 6.48±0.07 5.03±0.04 5.72±0.03 6.39±0.02
18511534-0618359 4755±57 2.16±0.21 1.79±0.17 7.58±0.02 0.22 7.53±0.01 7.99±0.09 7.72±0.1 6.45±0.03 5.03±0.04 5.77±0.04 6.36±0.03
18511571-0618146 4710±159 2.27±0.3 1.60±0.18 7.64±0.03 0.12 7.66±0.04 7.81±0.12 7.7 ±0.04 6.45±0.04 5.0 ±0.02 5.74±0.04 6.43±0.02
18512662-0614537 4459±91 2.10±0.48 1.48±0.19 7.61±0.01 0.17 7.61±0.09 7.93±0.14 7.8 ±0.14 6.45±0.02 5.11±0.06 5.75±0.06 6.44±0.01
18514130-0620125 4671±140 2.20±0.28 1.62±0.2 7.61±0.03 0.19 7.55±0.09 7.8 ±0.1 7.68±0.06 6.41±0.0 4.93±0.01 5.74±0.04 6.37±0.01
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Fig. 1. [Fe/H] versus stellar parameters in the three clusters. The
results of NGC 6705 (blue) are shown in the upper panels, while
Trumpler 20 (magenta) is in the middle panels, and NGC 4815
(dark green) in the bottom panels.
The results are shown in Fig. 1 for [Fe/H] and in Figs. 2 for
[El/Fe]. In Fig. 1 we plot the stellar parameters versus [Fe/H] for
member stars in the three clusters. We show also the mean least
squares fits to the data for NGC 6705 and NGC 4815. We do
not plot the linear fits for Trumpler 20, since they are artificially
driven by the small interval spanned in stellar parameters by its
member stars. The trends are almost absent for NGC 4815, while
some trends are present for NGC 6705, even if the ranges in Te f f ,
log g and ξ spanned by its members are again quite small.
In Figs. 2 the plots of [El/Fe] versus stellar parameters are
shown. The trends with Te f f and log g are almost zero for all
elements for NGC 6705 and Trumpler 20 where we have greater
statistics, with a possible exception of [Mg/Fe]. The trends with
ξ seem to be more important, and might affect more elements.
In general the cluster stars do not show important trends which
could affect our further analysis.
5.1. Confirming the chemical homogeneity of clusters
It is often stated that open clusters are among the best objects
for tracing the star-formation history in the disk (see, e.g., Friel
1995). They are considered to be composed of simple stellar
populations, i.e., homogeneous in terms of age and chemical
composition. Thus, we investigate the degree of homogeneity
of the abundances of cluster members. We compare the standard
(a) Temperature
(b) Gravity
(c) Microturbolence
Fig. 2. Abundance ratios versus stellar parameters (panel (a)
effective temperature, panel (b) gravity, panel (c) microturbo-
lent velocity) in the three clusters. In each panel, the stars of
NGC 4815 are in green, those of Trumpler 20 in magenta, and
those of NGC 6705 in blue.
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deviation (σ) of all elements with the average uncertainty in the
abundances (∆ =< δ >), that is computed averaging the error
on abundance ratios of each member star (δ). We considered the
cluster homogeneous in a specified element if the intrinsic scat-
ter, as given by the σ, is lower or comparable to the average error
∆, which should be indicative of the expected dispersion.
The results are shown in Table 3 and in Figs. 3, 4, 5. The
rectangles indicate the regions 1-σ wide around the average.
The three clusters are essentially homogeneous in all elements.
For Trumpler 20 we notice the presence of a star (#12391577-
6034406) that is slightly metal poorer than the main body of
cluster members. However, its radial velocity and stellar param-
eters are in agreement with those of the other observed clump
stars. As discussed in Donati et al. (2013), the Besanc¸on model
(Robin et al. 2003) computed at the location of Trumpler 20
gives that indicatively 17% of the candidate members for radial
velocities may be still field stars. This corresponds to ∼1-2 stars
being possibly non-members in a sample of 13 stars, and it could
justify the lower [Fe/H] of #12391577-6034406. For NGC 6705
we note a possible bi-modal behaviour of [Mg/Fe] with four stars
outside the 1-σ rectangle around the average (see also the trends
in Figs. 2).
In Table 3 we report for each cluster: the abundance ratios,
the standard deviation σ and the average error on each measure-
ment, ∆, and the number of stars used to compute these quanti-
ties. For [El/Fe] ratios ∆ take into account the errors on [El/H]
and on [Fe/H], summed in quadrature. We note, however, that
this approach might overestimate the error on [El/Fe] since the
error on [El/H] and [Fe/H] are likely correlated. The best ap-
proach should be to consider the effect on [El/Fe] due to the
errors on the atmospheric parameters, but this kind of errors are
not included in the present release. For the error on [Fe/H] we
used the values in column σ(Fe I) of Table 2. If we consider
the best determined element, i.e. iron, we note that σ is lower
than ∆. This is true for most of the other elements, with the
possible exception of Mg and Ti which have a larger scatter in
NGC 6705 and NGC 4815. Thus we can conclude that, with the
present level of precision, these open clusters are homogeneous
with respect to their content in α-elements (Ti, Si, Ca, Mg) and
iron-peak elements (Fe, Ni, Cr). In Figs. 3, 4, 5 these results
are reinforced: the abundance ratios of clusters do not show any
correlation with [Fe/H], and within the errors, they are homoge-
neous.
5.2. Chemical patterns
Having established the chemical homogeneity of these elements
in the three clusters under analysis, we can compare their abun-
dance patterns using the average abundances as representative of
the entire cluster. In Fig. 6, we present graphically these results.
An important feature is the comparison of the average abundance
ratios in the three open clusters. As said in the previous sections,
Trumpler 20, NGC4815, and NGC 6705 are located at similar
distances from the Galactic Centre. They mainly differ in terms
of age, cluster mass, and metallicity [Fe/H]. In terms of [Fe/H],
the metal poorest cluster (NGC 4815) and the metal richest one
(Trumpler 20) differ ∼2-σ.
Inspecting Fig. 6, we note that each cluster shows unique
features with respect to the other clusters: Trumpler 20 has so-
lar [Si/Fe], [Mg/Fe] and [Ca/Fe], slightly depleted in [Ti/Fe],
[Ni/Fe] and [Cr/Fe]. NGC 4815 is solar in [Si/Fe] and [Ca/Fe]
and slightly depleted [Ti/Fe], [Cr/Fe] and [Ni/Fe], and enhanced
Table 3. σ and ∆ for abundance ratios in each cluster.
El Mean σ(a) ∆(b)
Tr20
N (number of member stars)=13
[Fe/H] 0.17 0.05 0.07
[Si/Fe] -0.02 0.03 0.08
[Ca/Fe] -0.05 0.03 0.08
[Mg/Fe] 0.04 0.03 0.09
[Ti/Fe](c) -0.10 0.04 0.08
[Ni/Fe] -0.06 0.05 0.08
[Cr/Fe] -0.08 0.02 0.08
NGC 4815
N (number of member stars)=5
[Fe/H] 0.03 0.05 0.10
[Si/Fe] -0.02 0.05 0.09
[Ca/Fe] -0.06 0.03 0.09
[Mg/Fe] 0.14 0.10 0.13
[Ti/Fe](a) -0.16 0.07 0.08
[Ni/Fe] -0.09 0.02 0.09
[Cr/Fe] -0.15 0.03 0.09
NGC 6705
N (number of member stars)=21
[Fe/H] 0.14 0.06 0.14
[Si/Fe] 0.03 0.05 0.16
[Ca/Fe] -0.02 0.05 0.14
[Mg/Fe] 0.20 0.09 0.17
[Ti/Fe](a) -0.05 0.07 0.14
[Ni/Fe] 0.01 0.03 0.16
[Cr/Fe] -0.07 0.05 0.15
(a) σ: standard deviation of all elements; (b) ∆: the average uncertainty
in the abundances (∆ =< δ >)
(c) [Ti/Fe] is computed using only Ti I lines.
in [Mg/Fe]. NGC 6705 has solar [Ti/Fe], [Si/Fe], [Ca/Fe] and
[Ni/Fe], while it is enhanced in [Mg/Fe] and depleted in [Cr/Fe].
We statistically quantified the level of significance of the cluster-
to-cluster abundance differences estimating, for each abundance
ratio in each pair of clusters, the following quantity
([El/Fe]cluster1 − [El/Fe]cluster2)/
√
(δ([El/Fe]cluster1)2+δ([El/Fe]cluster2)2), (1)
where the abundance ratios and their errors are those reported in
Table 3. All pairs of comparison are of the order of 1-σ, with the
lowest difference for [Si/Fe] in Trumpler 20 and NGC 4815, and
the largest difference for [Ni/Fe] in NGC 6705 and NGC 4815
that differ more than 2-σ. This suggests that, in terms of abun-
dance ratios over iron, these clusters are statistically very sim-
ilar, but they differ in their global content of metals. We have
thus done the same comparison with the elemental abundances,
[El/H]. The results are shown in Fig.7, from which we see how
the abundances of NGC 4815 differ from those of Trumpler 20
and NGC 6705 for all elements. We recomputed the level of sig-
nificance of the cluster-to-cluster abundance differences finding
that NGC 4815 differs ∼2-σ from the other two clusters in most
of its [El/H] abundances.
These differences, especially those of [El/H], can be con-
sidered intrinsic characteristics of the chemical composition of
the interstellar medium (ISM) from which each cluster was born
since the analysis was performed in a fully homogeneous way,
from the target selection, to the observational strategy, data re-
duction, and abundance analysis. A tentative first conclusion
might be that, even if at present Trumpler 20, NGC 4815 and
NGC 6705 are located at similar distances from the Galactic
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Fig. 3. Abundance ratios versus [Fe/H] for individual member
stars in Tr20. Errors on abundance ratios [El/Fe] are computed
summing in quadrature the errors in [El/H] and the errors on
[Fe/H]. In each panel, the rectangular region shown by intersec-
tion of the four dotted lines indicate the 1-σ area around the
average value.
Centre (GC) (although NGC 6705 is on the opposite side of the
Sun-Galactic Centre line), they did not originate from an ISM
with the same composition. In particular the difference in their
mean metallicity is relevant, NGC 4815 having a lower metallic-
ity (within 2-σ) than the other two clusters. This can be obtained,
at least, in three different ways: i) the ISM is not azimuthally ho-
mogeneous, and areas located at similar radii might have a differ-
ent chemical composition due to local enrichment and to incom-
plete mixing; ii) the clusters might have moved from their place
of birth, and thus they might reflect the chemical composition at
a different radius with respect to their present position; iii) due
to the different ages of the clusters, their mean metallicity and
abundance ratios might be a signature of the temporal chemical
evolution of the Galactic disk. A comparison with the field popu-
lation, in the approximation that the migration does not dominate
its distribution, is useful to check these hypotheses and in Sec.6
we describe a comparison with two different Galactic chemical
evolution models to search for a possible explanation about the
origin of the abundance ratios in these inner-disk open clusters.
Fig. 4. As in Fig. 3, but for NGC 4815.
5.3. A comparison of abundance distributions in the field and
clusters
The uniformity of the analysis of cluster and field stars offers the
possibility to see differences in abundances at a level not pos-
sible before, when heterogeneous samples and analysis meth-
ods were considered. We remind that our comparison is done
with stars belonging to different evolutionary stages, such as so-
lar neighbourhood turn-off stars, open cluster clump giants, and
inner disk giants. Even though these samples are subjected to a
homogeneous analysis, systematic offsets in abundances could
arise. Indeed, as a matter of caution when comparing stars in
different evolutionary stages, we shall recall a recent analysis of
stellar spectra for stars in the open cluster M 67. O¨nehag et al.
(2011) analysed a solar twin in M 67, a dwarf star with stellar
parameters very similar to those of the Sun, and found an [Fe/H]
ratio of +0.02 dex and [El/Fe] within 0.03 dex of the solar val-
ues. This is in contrast to analysis of evolved giant stars in the
same cluster for which Yong et al. (2005) found an [Fe/H] ra-
tio very close to the solar value but with abundance ratios that
differ significantly from the solar values. However, we consider
that, more than the difference in evolutionary stages, different
methods and different atomic data might affect the results of the
analysis of O¨nehag et al. (2011) and of Yong et al. (2005). A con-
trasting example can be found in the study of IC 4615 (Pasquini
et al. 2004) who analysed both dwarf and giant stars, for which
no differences in the chemical composition were found.
As also pointed by Mele´ndez et al. (2008), the use of the
same set of lines and the choice of a common solar abundance
9
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Fig. 5. As in Fig. 3, but for NGC 6705.
scale for the normalisation of the stellar results are of great im-
portance, and are among the main strengths of our analysis. We
recall that different conclusions were drawn for instance from
a comparison of bulge and thick disk stars in Fulbright et al.
(2007) and Mele´ndez et al. (2008). Those differences are proba-
bly due to the heterogeneous comparison in the former paper of
their bulge giant results with literature values for main sequence
and turn-off disk stars in the solar neighbourhood (Bensby et
al. 2005; Reddy et al. 2006) analysed with a different line list
and normalised to a different solar zero-point. In the Gaia-ESO
survey analysis, all stars are analysed as homogeneously as pos-
sible, and these systematic effects should be reduced.
In Fig. 8 we show the abundance ratios [El/Fe] versus [Fe/H]
of solar neighbourhood dwarf stars, of inner disk/bulge giant
stars and of clusters. We note that elemental abundances of stars
in open clusters are consistent, within the errors, with the trends
of [El/Fe] versus [Fe/H] for almost all elements in field stars.
However cluster stars show some differences from field stars
having the same [Fe/H].
A statistical way to compare two distinct populations is to
compare their cumulative distributions. In our case we want
to probe possible differences in the chemical composition of
two populations, thus we compare the cumulative distribution
of their elemental abundance ratios. For each cluster we have
selected for the comparison only field stars (both solar neigh-
bourhood and inner-disk/bulge stars) in the same metallicity
range, 0.2 dex, centred around the mean metallicity of the clus-
ter stars: 0.05≤[Fe/H]<0.25 for Trumpler 20, 0.0≤[Fe/H]<0.2
for NGC6705 and -0.1≤[Fe/H]<0.1 for NGC 4815. The cumu-
Fig. 6. Average values of the four α-elements (Ca, Si, Ti, Mg)
in the bottom panel. Results of iron-peak elements (Ni, Cr) are
shown in the upper panels. Clusters are ordered by [Fe/H], NGC
4815 is the first cluster on the left, NGC 6705 in the middle, and
Trumpler 20 on the right side. The errors are the standard devia-
tion, σ, computed for member stars of each clusters. The colour
and symbol code is the following: green crosses for [Cr/Fe], blue
stars for [Ni/Fe], red circles for [Si/Fe], purple filled triangles for
[Ca/Fe], orange squares for [Mg/Fe], and empty salmon triangles
for [Ti/Fe].
lative distributions of abundance ratios are shown in Figs. 9, 10,
11. The closer two distributions are, the higher is the probabil-
ity that they come from populations sharing the same chemi-
cal composition. For instance, [Ca/H] distribution in Tr 20 and
in the solar neighbourhood stars have a probability of ∼60% to
derive from the same population, while for [Mg/Fe] the prob-
ability is lower than 1%. For NGC 4815, the highest probabil-
ities of similar distributions are for [Mg/Fe] (∼90%), [Ni/Fe]
(∼50%), [Si/Fe] (∼20%) in NGC 4815 and in the solar neigh-
bourhood. For NGC 6705, the probabilities that the cluster
and inner-disk stars came from similar populations are: [Cr/Fe]
(∼30%), [Ca/Fe] (∼50%), [Mg/Fe] (∼70%), [Ni/Fe] (∼80%),
[Ti/Fe] (∼10%). Due to the small number statistics of our anal-
ysis we recall that the probabilities associated with the statisti-
cal Kolmogorov-Smirnov test have a limited confidence and are
only indicative.
In Fig. 9 we have the results for Trumpler 20: this cluster is
indistinguishable from the field population in its iron-peak ele-
ments. The alpha-elements do not all behave in the same way:
two of them are remarkably under-abundant compared to field
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Fig. 7. As in Fig.6, but for [El/H].
stars with the same metallicity (Mg and Ti), while Ca and Si are
distributed similarly to the inner-disk/bulge stars. In Fig. 10 we
show the results for NGC 4815, which exhibits a clear under-
abundance of Ti, and has [Si/Fe] between the solar neighbour-
hood and inner disk stars, while Mg and Ca are similar to the
solar neighbourhood sample. Among the iron-peak elements Cr
is slightly lower than that in the solar neighbourhood sample,
while Ni has the same distribution. In Fig. 11 we present the
results for NGC 6705: the behaviour of this cluster is very simi-
lar to that of stars located in the inner-disk/bulge, having similar
distribution of Mg, Ti, Ca, Cr, and Ni. Only Si is enhanced with
respect to both solar neighbourhood and inner-disk stars.
5.4. Ti abundances in stars of different type
Titanium is evidently more under-abundant in Trumpler 20 and
NGC 4815 than in the field population with the same [Fe/H]
(see Figs. 9 and 10). Thus it might be a good tracer of the differ-
ent abundance patterns of these two populations. To prove that
this difference is real and not due to NLTE over-ionisation ef-
fects in the considered range of stellar parameters, we have plot-
ted [TiII/FeII]-[TiI/FeI] vs. Te f f , as done by D’Orazi & Randich
(2009), and also vs. log g and ξ. In their study of the open clus-
ters IC 2602 and IC 2391, D’Orazi & Randich (2009) found in-
deed some trends of [El/Fe] vs. Te f f for various elements. These
effects were already found for old field stars by Bodaghee et al.
(2003) and by Gilli et al. (2006), who explained them as due to
NLTE effects. Other explanations were given from Adibekyan et
Fig. 9.Comparison of cumulative distribution of the Trumpler 20
abundance ratios (red curves) with the solar neighbourhood turn-
off stars with the same metallicity (black curves) and with the
inner disk/bulge giant stars (green curves).
al. (2012) who analysed a large sample of F-G-K stars for which
they studied the relation between [Ti/TiII] and Te f f . They found
a trend that they explained with problems associated with the
differential analysis or with an incorrect opacity in the model
atmospheres. For Ca and Ti, D’Orazi & Randich (2009) ob-
tained decreasing trends with temperature, with cooler stars hav-
ing lower [Ca/Fe] and [Ti/Fe] than hotter stars in the same clus-
ter. They proposed that the young age of their stars and the en-
hanced levels of chromospheric activity affect them by NLTE
over-ionisation (see their Fig. 4). This trend is completely ab-
sent in the three panels of Fig. 12: [TiII/FeII]-[TiI/FeI] is almost
consistent with zero along the whole Te f f , log g and ξ ranges.
This is likely due to the older age of our stars, and reassures
us about the use of titanium as a reliable tracer of the abundance
patterns of open clusters. We did also a computation of the NLTE
effects on a sample of TiI and TiII lines employed in the analysis
of the Gaia-ESO Survey. We found that on average the NLTE
correction for TiI are of the order of +0.06 dex, while TiII is not
affected by NLTE effects (Bergemann, private communication).
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Fig. 8. Abundance ratios in field and open cluster stars: the abundance ratios [El/Fe] versus [Fe/H] of solar neighbourhood dwarf
stars (cyan empty triangles), of inner disk/bulge giant stars (red empty squares). Clusters are represented by their average values:
Trumpler 20 (magenta filled circle), NGC 4815 (green filled triangle), and NGC 6705 (blue filled square).
6. On the origin of the abundance ratios in the inner
open clusters
In this section we discuss what we can learn about the origin
of the inner disk open clusters from their abundance patterns.
We discuss only elements which are not affected by stellar evo-
lution, and thus direct tracers of the ISM composition at the
epoch when the cluster formed: the α- and iron-peak elements.
We compare their abundance ratios in the field and cluster pop-
ulations with the predictions of two different chemical evolution
models (Magrini et al. 2009, Romano et al. 2010, hereafter M09
and R10, respectively), briefly described below.
Model of Romano et al. (2010) The model of R10 is based on
the two-infall model case B for the chemical evolution of the
Galaxy. A thorough discussion of the adopted formalism and
basic equations can be found in Chiappini et al. (1997, 2001).
Here we briefly recall the overall evolutionary scenario. The in-
ner halo and thick disk of the Milky Way are assumed to form
on a relatively short timescale (about 1 Gyr) out of a first infall
episode, whereas the thin disk forms inside-out (Matteucci &
Franco¸is 1989) on longer timescales (7 Gyr in the solar vicinity)
during a second independent episode of extragalactic gas infall.
The Galactic disk is approximated by several independent rings,
2 kpc wide. Radial flows and outflows are not considered here.
The adopted star formation rate (SFR) is proportional to both
the total mass and the gas surface densities. The efficiency of
conversion of gas into stars is higher during the halo/thick-disk
phase than during the thin-disk phase. Furthermore, it drops to
zero every time the gas density drops below a critical density
threshold. The stellar lifetimes are taken into account in detail.
As for the stellar IMF, the Kroupa et al. (1993) IMF is assumed
in the 0.1–100 M mass range. The rate of SNIa explosions is
calculated as in Matteucci & Greggio (1986). SNeIa explode in
close binary systems when a CO white dwarf has reached a criti-
cal mass limit because of accretion of hydrogen-rich matter from
a main-sequence or red giant companion. The yields for SNeIa
are taken from Iwamoto et al. (1999), model W7. As for sin-
gle stars, several sets of stellar yields are analysed by R10 (see
their table 2). Here we show the results of their model 15, that
adopts the yields by Karakas (2010) for low- and intermediate-
mass stars (1–6 M), the yields of rotating massive stars by the
Geneva group (see R10, their table 1 for references) for helium,
carbon, nitrogen and oxygen, and the yields of Kobayashi et
al. (2006) for heavier elements produced by Type II supernovae
and hypernovae with progenitor masses in the range 13–40 M.
The available stellar yields are interpolated in the mass range 6–
13 M and extrapolated up to 100 M (see R10 for details). The
tabulated yields are adopted as published, i.e. without ad hoc ad-
justments to reproduce the data. This notwithstanding, model 15
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Fig. 10. As in Figure 9, but for NGC 4815.
provides a good fit to the abundance ratios of most chemical el-
ements in Milky Way’s stars.
Model of Magrini et al. 2009 The model adopted by M09
is a generalisation of the multi-phase model by Ferrini et al.
(1992), originally built for the solar neighbourhood, and subse-
quently extended to the entire Galaxy (Ferrini et al. 1994) and to
other disk galaxies (e.g., Molla´ et al. 1996; Molla´ & Dı´az 2005;
Magrini et al. 2007). The detailed description of the general
model is in the above mentioned papers. The main assumptions
of the model are that the Galaxy disk is formed by infall of gas
from the halo and from the intergalactic medium. The adopted
infall follows an exponentially decreasing law. This produces an
inside-out formation scenario where the inner parts of the disk
evolve more rapidly than the outer ones. As in the R10 model,
radial flows and stellar migrations, as well as gas outflows are
not considered. The stellar lifetimes are taken into account in de-
tails and for the stellar yields the following choices were made:
for low- and intermediate-mass stars (M<8 M) they use the
yields by Gavila´n et al. (2005) for both values of the metallicity
(Z=0.006 and Z=0.02). For stars in the mass range 8 M < M <
35 M they adopted the yields by Chieffi & Limongi (2002) for
Z=0.006 and Z=0.02. They estimated the yields of stars in the
mass range 35 M < M < 100 M, which are not included in
the tables of Chieffi & Limongi (2004), by linear extrapolation
of the yields in the mass range 8 M < M < 35 M. In the case
Fig. 11. As in Figure 9, but for NGC 6705.
of Ti, M09 increased the yields by a factor of 2 to reproduce
the observations. The rate of SNIa explosions is calculated as in
Matteucci & Greggio (1986) and their yields are taken from the
model CDD1 by Iwamoto et al. (1999). The IMF by Kroupa et
al. (1993) is adopted.
Comparison models vs data In Fig.13 we show the results of
the two models: R10 in panel a) and M09 in panel b). The curves
refer to different Galactic radii, 4 kpc, 6 kpc and 8 kpc. Both
models are those originally published by R10 and M09, and are
not modified to reproduce the Gaia-ESO Survey data. Thus the
agreement with the data, and the similarity of their predictions
for the Solar radius are encouraging, even if there are some dis-
crepant elements. The only exception is Ni for which different
yields are adopted by R10 and M09. We note also that the stel-
lar yields adopted in both models are not able to reproduce the
trends of [Ti/Fe] vs [Fe/H], as already noticed in the original
papers.
Notwithstanding the agreement at the Solar radius, the two
models show a different behaviour in the inner disk, where differ-
ent assumptions of the infall and star formation rates are made.
This might be ascribed to the paucity of observational constraints
in the inner disk when the two models were designed. We note
indeed that in panel a), the model curves reach higher metallic-
ities (by ∼0.2 dex) at the innermost radius because of the more
intense SFR, but the predicted [El/Fe] ratios are pretty much the
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same. In panel b), the evolution of the α- and iron-peak ele-
ments behaves differently with respect to the Galactocentric ra-
dius: while the iron-peak elements are quite insensitive to the
choice of the Galactocentric radius, the α-elements are more en-
hanced in stars born at R∼4 kpc than at the Solar radius. This
can be easily explained with the short time scales for the gas
consumption in the inner part of the disk due to the high star
formation rate, which typically produce high α over iron abun-
dances. On the other hand, the iron-peak elements are insensitive
to the radius since they behave, to first order, as iron.
For some α-elements, Si and Mg, and marginally also Ca and
Ti, both the inner-disk/bulge stars and NGC 6705 are in better
agreement with the curves corresponding to the innermost radii
of M09, i.e. in between 4 and 6 kpc from the Galactic Center.
On the other hand, the α abundance ratios of Trumpler 20 and
of NGC 4815 agree better with the curve corresponding to their
present radius in M09 and with the curves of R10. For the iron-
peak elements the behaviour of the three clusters is very similar
and in agreement with the model curves, of both M09 and R10,
which do not predict strong variation of these ratios with the
Galactocentric radii.
The comparison of the abundance ratios with the model
curves together with the similarity observed between the cumu-
lative distributions of abundance ratios and of the solar neigh-
bourhood and inner-disk/bulge stars, gives us a ”chemical” in-
dication of the birthplace of the three inner-disk clusters under
analysis: the good agreement of the [α/Fe] abundance ratio of
Trumpler 20 and NGC 4815 with the curves at ∼6-8 kpc of both
models, and at the same time with the abundance ratios of solar
neighbourhood stars, is a reasonable indication that they were
born not very far from their present location. On the other hand,
the good agreement within the error of some abundance ratios
of NGC 6705 with M09 curves for radii ∼4-6 kpc, and with the
observations of inner-disk/bulge stars (see Fig. 11), might indi-
cate that it has moved towards its present position from an in-
ner birthplace. This is in agreement with the orbit determination
done for this cluster in Magrini et al. (2010) with a perigalacti-
con of ∼5 kpc and apogalacticon of ∼ 9 kpc. Under this scenario,
a revision of the basic assumptions of the model of R10 will be
required for the model to be able to predict higher SFRs/steeper
abundance gradients in the inner disk and to face the Gaia-ESO
Survey abundance data for those clusters. For instance, the inclu-
sion of a bar in the model could lead to enhanced star formation
in the inner Galactic region (see, e.g., Wang et al. 2012). In ad-
dition, the effect of local inhomogeneities, radial flows, stellar
migration, and outflow should not be neglected in next genera-
tion of chemical evolution models.
7. Summary
In this paper we present the analysis of abundance ratios in open
clusters and field stars obtained in the first six months of the
Gaia-ESO Survey. We studied three old/intermediate-age open
clusters: NGC 6705, NGC 4815, and Trumpler 20. For the three
clusters we find that: i) the clusters are internally homogeneous
in the considered elements (four α-elements, Si, Ca, Mg, Ti and
three iron-peak elements, Fe, Ni, Cr); ii) the three clusters have
similar [El/Fe] abundance patterns, but different global metallic-
ity and, consequently, different [El/H] patterns; iii) a comparison
of the cumulative distributions of abundance ratios shows that
the abundance ratios of NGC 6705 are very similar to those of
inner-disk/bulge stars studied by the Gaia-ESO Survey, while the
abundance patterns of NGC 4815 and Trumpler 20 do not match
perfectly either with the solar neighbourhood stars or with the
inner-disk/bulge stars. We finally compare the field and cluster
abundance ratios with two chemical evolution models (M09 and
R10), finding a general good agreement for the solar neighbour-
hood. The predictions of the models differ for the inner disk.
The α-enhancement of NGC 6705 places it in better agreement
with the model curves of M09 for Galactocentric radii from 4
to 6 kpc, and, together with its better agreement with the dis-
tributions of abundances ratios in the inner-disk/bulge sample,
supports an inner birthplace for it. Concluding, the first results
from the Gaia-ESO Survey show its huge potential to give new
constraints to our view of the Galactic chemical evolution, to ex-
plore areas of our Galaxy so far little studied, and moreover to
put, for the first time, many stellar populations on exactly the
same scale.
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Fig. 12. [TiII/Fe]-[TiI/Fe] vs. Te f f , log g, and [Fe/H] in the Milky Way field stars and in the cluster member stars. Symbols as in
Fig. 8. The dotted lines are the weighted least mean square fits to the data.
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(a) R10
(b) M09
Fig. 13. Abundance ratios in field and open cluster stars: the abundance ratios [El/Fe] versus [Fe/H] of solar neighbourhood dwarf
stars (cyan empty triangles), of inner disk/bulge giant stars (red empty squares), of stars in Trumpler 20 (magenta filled circle), in
NGC 4815 (green filled triangle), and NGC 6705 (blue filled square). In panel a) the curves are the model of R10 at three RGC:
4 kpc (dotted line), 6 kpc (continuous line), and 8 kpc (dashed line). The curves shown in panel b) are obtained with the model of
M09. The theoretical ratios are normalised to the solar abundances predicted by each model, with the exception of [Mg/Fe] in M09
model, which is displaced by other +0.15 dex to match the data.
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